Near infrared spectroscopy (NIRS) measures tissue oxygenation continuously at the bedside. Major disturbances of cerebral oxygenation can be detected by using NIRS, but the ability to observe smaller changes is poorly documented. Although anesthetics generally depress cerebral metabolism and enhance oxygen delivery, the administration of etomidate has been associated with cerebral desaturation. We used this difference to study the ability of NIRS to detect the small changes associated with the onset of anesthesia. Thirty-six healthy patients were randomly allocated to have anesthesia induced with either etomidate, propofol, or thiopental. We found that there was a temporal association between the onset of anesthesia and NIRS-derived indices of cerebral oxygenation. Etomidate was associated with a decrease in cerebral oxygenation, whereas propofol and thiopental were associated with an increase in cerebral oxygenation. We conclude that NIRS is capable of detecting the small changes in cerebral oxygenation associated with the induction of general anesthesia and shows promise as a bedside investigational tool for the noninvasive assessment of cerebral oxygenation. Implications: We conclude that near infrared spectroscopy is capable of detecting the small changes in cerebral oxygenation associated with the induction of general anesthesia and shows promise as a bedside investigational tool for the noninvasive assessment of cerebral oxygenation.
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C
hange in level of consciousness is an important clinical sign in patients with brain injury. When consciousness is lost, further cerebral deterioration may be difficult to detect. Similarly, during anesthesia, assessment of mental status is not possible, shifting reliance toward some form of instrumental monitoring. The crucial factor for cerebral well-being is the maintenance of tissue oxygenation. Monitoring of cerebral oxygenation is not routine because existing techniques either are invasive (1) , require a prolonged period of equilibration, or involve the use of ionizing radiation (2, 3) . This is compounded by the lack of sensitivity and high false-positive rates of many of the available monitors (4) .
Near infrared spectroscopy (NIRS) is a continuous, noninvasive bedside technique that may be used to monitor cerebral oxygenation. Its potential as a noninvasive cerebral oxygenation monitor was first outlined by Jöbsis (5) in 1977, and it has since found widespread application in neonatal and adult medicine. NIRS exploits the relative transparency of biological tissues to near infrared light and the differential absorption properties of oxy-and deoxyhemoglobin. Because of the scattering properties of the underlying tissue, the path taken by the photons is more complex than the simple straight line distance between the transmitting and receiving optodes. It has been estimated that only one in a million of the emitted photons is actually detected (6) , but this is sufficient to enable measurements to be made in the clinical setting.
When cerebral blood flow (CBF) is altered by extreme maneuvers, such as ventricular fibrillation induced during automatic defibrillator testing, NIRS can detect sudden changes in cerebral oxygenation (7) . During less severe changes in CBF induced by interruption of carotid artery blood flow during carotid endarterectomy, NIRS can detect cerebral ischemia (8, 9) . Kirkpatrick et al. (10) simultaneously measured NIRS, transcranial Doppler velocimetry, and cerebral function monitoring and demonstrated that ischemic events were detected with similar frequency by all three monitors. In addition, NIRS has been used to investigate small changes in cerebral blood volume in adult volunteers (11) and anesthetized patients (12) with normal brains. NIRS could provide important measurements of rapid and small changes in cerebral oxygenation.
IV anesthetics depress cerebral metabolism (13, 14) , with consequent reductions in oxygen consumption (CMRO 2 ), CBF, and intracranial pressure (15) . As CMRO 2 decreases, CBF is reduced proportionately; this relationship is termed flow-metabolism coupling. After the administration of IV propofol and thiopental, flowmetabolism coupling usually remains intact (15) , and cerebral saturation would be expected to remain unaltered or to be improved. Not all IV anesthetics have the same effect. Milde et al. (16) showed, in dogs, that etomidate can produce a rapid reduction in CBF accompanied by a slower reduction in CMRO 2 . This mismatching of flow-metabolism coupling, with a greater reduction in flow than demand, may induce cerebral desaturation. Edelman et al. (17) confirmed that, in anesthetized humans undergoing craniotomy with isoflurane anesthesia, the administration of incremental bolus doses of etomidate to produce burst suppression on the electroencephalogram was associated with a significant reduction in cerebral cortical Po 2 .
This difference between etomidate and other IV induction anesthetics is therefore a potential model to investigate whether NIRS can detect small changes that occur at the onset of anesthesia. The aim of this study was to compare the effect of different IV induction anesthetics on cerebral oxygenation using NIRS.
Methods
After institutional ethics committee approval, and with informed written consent, 36 unpremedicated ASA physical status I or II adult patients undergoing elective day-case surgery were enrolled into this study. The patients were randomized by a sealed envelope method to undergo induction of anesthesia with either etomidate, propofol, or thiopental by an anesthesiologist independent of the study. Each data set was coded by subject number and induction anesthetic and was analyzed by an investigator blinded to the code.
Changes in oxyhemoglobin concentration ([HbO 2 ]) and deoxyhemoglobin concentration ([Hb]) were recorded using a NIRO 500 spectrophotometer (Hamamatsu Photonics, Hamamatsu City, Japan) (6). It uses four pulsed semiconductor laser diodes using wavelengths of 775, 826, 850, and 909 nm with a pulse frequency of 1.9 kHz and is capable of detecting intracranial events (18, 19) . The optodes were located in the temporoparietal region with an interoptode spacing of 4 cm and shielded from ambient light. A sampling interval of 0.5 s was used, and the changes in [HbO 2 ] and [Hb] were calculated using a previously established algorithm (20, 21) incorporating a differential pathlength factor of 6.26 (22) . Beat to beat arterial saturation was recorded using a modified Novametrix 520A pulse oximeter (Novametrix Medical Systems Inc., Wallingford, CT) attached to an earlobe. ETco 2 was monitored by using a mainstream Novametrix 7000A capnograph (Novametrix Medical Systems Inc.) directly attached to a tightly fitting face mask. Data were continuously recorded by the NIRO 500 and sampled synchronously with the NIRS data using a laptop computer running Onmain V1.32a (Hamamatsu Photonics). Blood pressure and heart rate were monitored noninvasively by using a Datex Cardiocap (Datex Instrumentarium Corp., Helsinki, Finland) with a sampling interval of 60 s.
Measurements were made with the patients in the supine position. All patients breathed room air for the first 4 min of the study, after which the induction anesthetic was slowly administered IV until loss of verbal contact was achieved. At this stage, ventilation was gently assisted with a Bain circuit, using a fresh gas flow of 10 L/min (25% oxygen and 75% nitrous oxide) to maintain ETco 2 constant at its preinduction value. The patients held a 1-kg weight in their dominant hand, and the time from the commencement of administration of the induction anesthetic until the weight was dropped was taken as the time to loss of consciousness. Data were recorded for a further 3 min before the study concluded, after which anesthesia was deepened and surgery allowed to proceed. No IV fluids were administered after the induction of anesthesia until after the study. Statistical analysis was performed by using SPSS 4.0 (SPSS Inc., Chicago, IL). The areas under the curves were analyzed by using a repeated-measures analysis of variance model using Tukey's method to determine the significance of individual changes between drugs. A P value Ͻ0.05 was taken as significant. All results are expressed as mean Ϯ sd.
Results
NIRS data were successfully recorded in all cases. The three groups were well matched (Table 1) . After induction of anesthesia, neither arterial hemoglobin saturation nor ETco 2 changed. Mean arterial blood pressure decreased by 11% in the propofol group but was unchanged in the etomidate and thiopental groups. 
Discussion
In this study, we demonstrated that NIRS was able to continuously monitor, in real time, the effect on cerebral oxygenation of administration of IV anesthetics. The changes in [HbO 2 ] and [HbT] occurred simultaneously very shortly after loss of consciousness and showed striking differences among drugs. It was possible to distinguish among the induction drugs in every case, as changes within groups were in the same direction in all patients. This study used the usual clinical induction dose of etomidate, in contrast to the larger doses used in the studies by Milde et al. (16) and Edelman et al. (17) . Despite the smaller dose in our study, we were still able to demonstrate a reduction in cerebral oxygenation with etomidate.
It is interesting to note the time course of oxygenation changes for the different drugs. Before the induction of anesthesia, the NIRS signals were stable, began to change as unconsciousness ensued, and were clearly distinguishable from baseline at 3 min. It was not possible to continue this observational study beyond this time because of the need to avoid emergence from anesthesia. With propofol and thiopental, the change in cerebral oxygenation occurred as consciousness was lost (Figure 1 ). However, with etomidate, the NIRS signals changed before loss of consciousness, in a similar manner to that found by Milde et al. (16) for CBF in dogs. We hypothesize that the reduction in CBF produced by etomidate was responsible for the reduction in [HbO 2 ] observed with NIRS.
It is possible to infer changes in cerebral blood volume from changes in [HbT] if the hematocrit remains constant (23) . It is unlikely that the hematocrit would be altered during the short period of this study; therefore, the change in the total hemoglobin signal is proportional to the change in blood volume within the field of view.
The relative effects of the observed changes in oxyhemoglobin changes detected by NIRS deserve comment. Such changes are conveniently expressed as changes in saturation, a ratio of [HbO 2 ] to [HbT] . NIRS currently measures a change in [HbO 2 ] and [HbT] from an arbitrary baseline, and it is therefore not possible to calculate saturation changes directly. However, if we substitute baseline values for [HbT] (2) and mean tissue saturation (24), our observed changes in [HbO 2 ] 3 min after the induction of anesthesia equate to a reduction in cerebral saturation of 2% after the administration of etomidate and an increase of 8% after the administration of propofol and thiopental. The magnitude of the saturation changes seen in all three groups is sufficiently small to be clinically insignificant under most circumstances but may become so in patients in whom brain oxygen supply is critical.
NIRS samples from arterial, venous, and capillary compartments, but the relative contribution of each to the signal has not yet been defined. It is therefore not possible to determine whether the observed changes in saturation and blood volume occurred equally in all three compartments. Because arterial saturation was constant throughout this study, it is likely that the observed changes originate either from the capillary and venous compartments or because of a change in the flow-metabolism relationship.
Because CO 2 tension was held constant at each patient's baseline, it is an unlikely contributor to the observed changes in NIRS signals. Although mean arterial pressure decreased in the propofol group, it remained within the range of autoregulation that is intact during propofol anesthesia. The change from breathing room air to 25% oxygen and 75% nitrous oxide is also unlikely to have accounted for the observed changes in the NIRS signals after the induction of anesthesia. We designed the study to measure the changes during routine IV induction of anesthesia; therefore, it involved this switch from room air to 25% oxygen. Although it might be argued that the small increase in the fraction of inspired oxygen (Fio 2 ; 4%) may have been responsible for the increase in cerebral oxygenation in the propofol and thiopental groups, this cannot explain the decrease in the etomidate group, in which similar effects should also have been observed. Nitrous oxide would also be expected to have similar effects in all three groups. Furthermore, the clear temporal relationship between the NIRS signal changes and the administration of an IV induction anesthetic, as well as the reproducibility of the within-group changes, argues against these being an effect of the small change in Fio 2 after the induction of anesthesia.
In conclusion, NIRS is able to detect small changes in cerebral oxygenation during the induction of general anesthesia. Anesthesia induction with propofol and thiopental was associated with a small increase in cerebral oxygenation, whereas etomidate was associated with a smaller reduction. NIRS was able to make measurements in real time and shows considerable promise as a bedside monitor. Its potential as a monitor of changes in cerebral oxygenation in the critically ill, or in those in whom consciousness is impaired, should be further investigated. 
